the home decreased for all groups. The experimental group attained a 79 percent decrease in children's ETS exposure, compared with 42 percent for the monitoring control and 34 percent for the usual treatment control group. Repeated-measures analysis of variance resulted in a significant (F( [10, 350] =1.92, p<0.05) group by time effect. After 12 months, only the experimental/counseling group sustained a decrease in children's exposure to cigarettes in the home from all smokers (44 percent), while the monitoring control increased 14 percent and the usual treatment group increased exposure 22 percent from preintervention. Conclusion: A behavioral medicine program was successful in reducing exposure to ETS in the home for these asthmatic children.
(Chest 1994; 106:440-46) ANOVA=analysis of variance; ETS=environmental tobacco smoke Key words: asthma; behavioral medicine; cancer and heart disease risks; counseling; environmental tobacco smoke exposure; passive smoke exposure; prevention; self-monitoring imately 20 percent of this country's 2 to 5 million asthmatic children and is a major aggravating factor in approximately 10 percent.' Passive smoking has been positively associated with increased prevalence of asthma, with increased frequency of medication use, severity of asthma symptoms, acute exacerbations and respiratory tract infections, and with reduced pulmonary function in asthmatic children. 2"11 Given the demonstrated associations between ETS exposure and negative health effects and the high probability that asthmatic children are exposed to ETS in the short and long term, it is imperative that clinical and public health interventions be developed to reduce ETS exposure to asthmatic children. This study was a randomized controlled trial of a previously developed'2 behavioral counseling program for reduction of ETS exposure in the home among asthmatic children living with parents who smoke.
METHODS

Design
Stratified by medical center, a three-group repeated measures Tobacco Smoke Exposure in Asthmatic Children (Ho Experimental/counseling X X X X X X X Monitoring control X X X X X X Usual treatment control X X X X design was used. Ninety-one families with at least one parent who parent in a family was obtained directly from that parent. smoked cigarettes and a child (6 to 17 years) with asthma were randomly assigned to an experimental/counseling, a monitoring Subjects control, or a usual treatment control group. Families in each group
The mean age of target children was 10.77 (SD =2.98) years. provided measures of children's cigarette smoke exposure and More than two thirds (70 percent) were white, while 9 percent health status and parents' smoking rates at a baseline home visit, were black, 7 percent were Latino, 4 percent were Asian, and 10 at a preintervention clinic visit, at two clinic visits during interpercent were members of other ethnic classifications. More than vention (2 months and 6 months), and at two clinic visits during half (57 percent) of the target children were male. The mean age follow-up (9 months and 12 months). Two-week monitoring inof target parents was 37.96 (SD=5.82) years. Seventy-seven pertervals preceded clinic visits. All families received standard cent were white, 6 percent were black, 6 percent were Latino, 8 medical care. Twelve families dropped out of the study during the percent were Asian, and 3 percent were other. The majority (67 1-year enrollment period. Eight refused further participation, percent) of target parents were female ( Table 2) . two lost custody of the asthmatic child, one moved out of the area, Recruitment and one child was institutionalized. Thus, final analyses were completed on 79 families. Table 1 outlines the study measures Families were recruited from four of the largest pediatric alaccording to group assignment.
lergy medical centers in San Diego. Screening forms were comFor each family, one smoking parent and one asthmatic child pleted during regular office visits. To be included in the study, the were selected as the "target parent" and "target child," respecchild had to require asthma medication and to be exposed to at tively. While other family members participated to varying deleast one cigarette per day by their parent. Those meeting the grees in the study, most measures were obtained from the target inclusion criteria were contacted by a research assistant and inparent and child. When possible, information regarding the other vited to participate in a study of the effects of tobacco exposure on the health of their child. All families were told that they would receive incremental payments totaling $60 for attending clinic sessions and for providing information that could help in the understanding of the relationship between passive smoke exposure and asthma. They were not told that the study would involve an intervention to reduce ETS exposure. All were provided with a description of the possible risks and benefits and all volunteers signed informed consents. A sequential recruitment procedure was employed until 91 families were recruited across all clinic sites. The study was approved by the San Diego State University Committee on Protection of Human Subjects.
Procedures
Experimental/Counseling Group: Both the target parent and child attended a series of counseling sessions over 6 months designed to reduce the child's exposure to parental smoking. Between counseling sessions, diaries were used during the 2-week monitoring periods preceding clinic visits to record parent smoking and child ETS exposure patterns, children's peak flowmeter readings, and children's symptoms. These data were used to recommend changes in parental smoking patterns that could reduce ETS exposure for the child. Behavior modification techniques such as stimulus control, shaping, personal feedback, and contingency contracting were incorporated in a program tailored for each family 13, 14 Monitoring Control Group: To determine the differential effects of monitoring and counseling, a "monitoring control" group was utilized. These families were asked to employ the same monitoring measures that were used by the counseling group, but neither review of records nor counseling to reduce ETS exposure was provided.
Usual Treatment Control Group: The control group was asked to participate in the same sequential clinic visits as the other two groups, but they were not asked to monitor cigarette use, passive exposure, or children's symptoms. No counseling program was provided. This group did record children's peak flowmeter readings.
Measures of Tobacco Exposure
Parent Reports: The primary dependent variables collected at baseline and at clinic interviews were the child's exposure to ETS from the target parent and from all persons who smoked in the home. Exposure to parental smoking at home was segregated into two components: exposure on typical workdays and nonworkdays. The target and the other parent (if there was one) were asked: "How many cigarettes did you smoke per workday/nonworkday at home during the past week?" They also were asked: "Of those cigarettes, how many was (child's name) exposed to?" Finally, parents were asked: "Please estimate the number of cigarettes to which (child's name) was exposed from others living in the home and those who visited." Answers were used to calculate the parent's mean daily smoking rate and the child's mean daily exposure rate to parent's and to all smokers' cigarettes in the home.
Environmental Monitor: An environmental monitor was used with all three groups to validate parent-reported exposure and smoking rates. The monitor was a 37-mm-diameter polystyrene cassette containing a teflon-coated glass fiber filter (Emfab TX 40h120WW, Pallflex Corp, Putnam, Conn) saturated with an aqueous solution of 4 percent sodium bisulfate and 5 percent ethanol and dried. The monitor is based on passive diffusion of nicotine to a filter that is analyzed by gas chromatography '5 and has been shown to be both reliable and valid. 16 Filter preparation was conducted at the John B. Pierce Laboratory (New Haven, Conn). The monitor was placed in a room where greatest exposure was reported at the initial home interview, and remained for the 2 weeks preceding each clinic visit. While the monitor provided a 2-week continuous measure of nicotine level in one room in the home, it was not able to selectively measure the room when the child was present or to sample the child's exposure to nicotine outside of the room. In addition, the behavioral counseling program was directed toward reducing the children's exposure, not to reducing tobacco use in one particular room. Thus, the monitor was not considered sufficiently sensitive for use as an outcome measure.
Statistical Analyses
Using the monitoring control and usual treatment control groups only, test-retest reliability was investigated for children's exposure, parents' smoking rates, the environmental monitor, and FEV, by intraclass correlations.'7 Measures for test-retest analyses were obtained from the preintervention and 2-month clinic visit interviews. To determine the validity of parent-reported exposure and smoking rates, Kendall's tau-b was used as a non-parametric test of association between these variables and the environmental monitor value.'8 The validity of parents' reports of their children's exposure to all cigarette smoke in the home was examined using construct validity techniques. Associations between variables having hypothesized positive, negative, and null relationships with the child's reported exposure to all sources of cigarette smoke in the home were tested with Kendall's tau-b. All validity tests were performed for preintervention, 2-month, and 6-month measures. To identify differences among groups in reported ETS exposure, smoking rate, the environmental monitor value, and children's symptoms over time, repeated measures analyses of variance (ANOVA) was employed. A priori defined pairwise ANOVAs were used to detect significant differences between groups. Due to violations of sphericity, all within-subjects F statistics were compared with adjusted critical values (HuynhFeldt epsilon adjustment) and significance levels are reported accordingly.'9 Unadjusted degrees of freedom are reported. All a priori pairwise comparisons were conducted as one-tailed directional tests. Analyses were performed using a computer software package (SPSS-PC+). 20 
RESULTS
Reliability and Validity
Reliability: The test-retest reliability coefficients for parent reports of children's exposure ranged from 0.63 to 0.84 across reported measures on workdays, nonworkdays, and composite measures. The coefficients for parents' self-reported smoking rates ranged from 0.60 to 0.88. The 
Random Assignment
The three groups were compared for gender, age, and ethnicity of child and parent; parents' marital status, education, lifetime smoking quit attempts, and reported level of smoking; and child's baseline ETS exposure. Pearson's x2 analyses for categoric variables and ANOVA for continuous variables showed no significant differences among groups, thus confirming the success of random assignment ( Table 2 ). Group and group-by-time effects did not reach significance. The .89, p<0.05) groups reported a significant mean decrease in symptoms compared with the usual treatment control group. Differences between the counseling and monitoring control groups did not reach significance, and no differences between groups were found after 2 months. Although no group or group-by-time differences were apparent for FEV1, pulmonary function was consistently negatively correlated with ETS exposure at all measurement points (r= -0.13 to -0.37). When the relationship between FEV1 and exposure was adjusted for age and height using hierarchical multiple regression, the partial correlation remained negative but was not statistically significant.
DISCUSSION
To our knowledge, this is the first fully controlled trial of a behavioral counseling program designed to assist parents in reducing their asthmatic children's exposure to cigarette smoke. This analysis is the first to include formal tests of the reliability and validity of parent reports of cigarette smoking and children's ETS exposure. Parent reports were shown to be both reliable and valid measures of ETS exposure in the home. Use of random assignment and demonstrably reliable and valid measures greatly increase the internal validity of this analysis.
Families in the experimental/counseling group attained a significant and clinically important decrease in ETS exposure for their asthmatic children. This decrease was achieved not only for exposure to the target parents' cigarettes, but also for exposure to all cigarettes smoked in the home. The counseling procedures used in this study are well within the capacity of most clinical assistants found in outpatient clinics or in private practice offices and offer a potentially practical means of extending the therapeutic effectiveness of the physician. This program required little or none of the physicians' time.
The use of the environmental monitor to measure ETS in a particular room of the residence provided an objective means of validating the parents' more subjective estimate of their child's ETS exposure. Validity was substantiated by formal construct validity testing. From these results it is concluded that motivated parents can report their child's ETS exposure accurately enough for clinical purposes. It is important to note that their accuracy may have been due, in part, to the apparent ability of the investigators to verify their reports by use of the environmental monitor. Clinical use of these measures might include such a monitor, at least as a "bogus pipeline" in order to enhance the potential accuracy of parent reports.21
Also of clinical importance is the fact that no objective substitute for the parents' reports of ETS exposure could be used in the administration of the behavioral counseling program. The parents' reported details regarding the timing, location, and activities taking place when the child was exposed were the foundations for counseled change in lifestyle to reduce ETS exposure. Such detailed information could not be obtained by existing objective measures of ETS exposure. Thus, this intervention depends on accurate parent reporting. Although this study demonstrated satisfactory accuracy of parent reports, it can be assumed that parents are not able to detect subtle levels of exposure. Parent reports are inherently limited in their sensitivity, increasing the need for development of accurate objective measures of ETS exposure.
To determine relationships between disease and ETS exposure, it may be critical to obtain estimates of more subtle levels of ETS exposure than can be achieved by parent observations. The environmental monitor used in this study has the potential for a high level of sensitivity. However, it has not yet been constructed in a sufficiently small and durable form to attain such measures for children. Although only a few centimeters in size, the monitor is not small enough to be unobtrusive. It is relatively fragile and subject to contamination by children's normal play and curiosity, and it is not likely that children could be trained to wear the monitor continuously in its present form. These limitations restrict the monitor to more limited sampling strategies such as those used in the present study.
By limiting the monitor to the room where the most exposure to the child was reported, sampling the child's ETS exposure was maximized. However, for many families, the majority of the child's exposure occurred outside this one room. Thus, the environmental monitor was not likely to detect the majority of the child's ETS exposure or change in exposure. In addition, once counseling began, the parents in the counseling group may have decreased their child's exposure by arranging for the child to watch television in another room or by otherwise separating the child from the place of potential exposure. For these families, the filter no longer accurately reflected the child's exposure, but only the amount of tobacco use in the selected room. These sampling limitations precluded the use of the environmental monitor as an outcome measure.
The mean monitor values depict relatively low ETS levels and a very small decrease across time for all groups, while neither the group nor the groupby-time effects reached significance. These results suggest that the ETS level in the selected room decreased during the course of study. However, no inferences can be drawn from these results regarding the changes in the children's ETS exposure.
Exploratory analyses of symptoms and pulmonary function provided encouraging evidence of possible therapeutic effects of the behavioral counseling program. Children assigned to the experimental/counseling group and the monitoring control group reported significant decreases in overall symptoms at the 2-month measurement point which concluded the most intensive counseling period. The decrease was greatest for the experimental/counseling group. These results suggest that health benefits may be attained from the counseling program and even from self-monitoring alone, and support replication with a larger sample in order to provide sufficient power to discover other possible health benefits related to decreased ETS exposure among asthmatic children.
Although this analysis was not designed to achieve smoking cessation among parents, a notable ordered difference among groups in quit rate was observed. The greatest number of quits occurred in the experimental/counseling group, followed by the monitoring control and the usual treatment control groups.
These differences did not reach significance. However, if these rates were replicated with a larger sample, smoking cessation might be found to be an added benefit of the program. Of course, since these parents reported previous quit attempts, future assessments should examine maintenance.
The sample included in these analyses was attained from four asthma specialty services in San Diego, and as such provided modest heterogeneity with respect to types of medical care received. Though samples' sizes did not permit clinic-specific analyses, the use of these different services suggests that these results may be generalizable to similar services provided to working class and predominantly, although not exclusively, white families. Additional research will be needed to determine whether similar counseling procedures are as effective with minority or lower socioeconomic status families.
Finally, these analyses were limited to a 1-year follow-up. Based on previous behavioral research, it is likely that the experimental/counseling group's reduced ETS exposure will not be sustained once the intervention program is completely removed. The actual level of recidivism needs to be determined and it may be necessary to develop additional interventions that could be implemented by the physician or clinical staff to sustain the decreased ETS exposure attained immediately following counseling. The fact that the experimental/counseling group did sustain a large decrease in exposure at 9 and 12 months, when monitoring but no formal counseling was provided, indicates that minimal intervention may be sufficient for maintenance. These results justify follow-up analyses and further exploration of affordable techniques that could support maintenance of therapeutic effects. The significant reduction in ETS exposure and the promising results regarding smoking cessation seen in this sample of high-risk asthmatic families may have broad application and result in important public health benefits.
